Background Proper patient counseling regarding reconstruction after prophylactic mastectomy (PM) requires greater understanding of quality of life (QoL) and aesthetic outcomes. Our study evaluates these end points using the validated BREAST-Q and Garbay system. Methods We performed a retrospective chart review of 1,254 mastectomy patients (July 2008 through July 2012). Of those with completed preoperative BREAST-Q and reconstruction with a minimum of 6-month follow-up, 18 underwent bilateral PM (BPM), 36 underwent contralateral PM (CPM), and 30 matched controls were selected who underwent unilateral therapeutic mastectomy (TM) with contralateral symmetry procedure. Preoperative and 6-month postreconstruction BREAST-Q scores were compared within and between groups. Subsequently, aesthetic evaluation of 21 of a group of randomly selected reconstructions (7 TM, 7 CPM, and 7 BPM) was performed by 14 plastic surgery researchers. Potential correlations between aesthetic evaluations and QoL outcomes were examined. Results Demographic characteristics, preoperative satisfaction scores, and postoperative morbidity rates were similar among all three groups. Although reconstruction after BPM was associated with improved aesthetic outcomes (p < 0.001), a significant postoperative increase in satisfaction with breasts was noted only in the TM group (p ¼ 0.006). CPM was associated with improved psychosocial well-being (p ¼ 0.039) in our study. No further significant differences were noted. Conclusion Although BPM with reconstruction is associated with higher aesthetic outcomes compared with CPM or TM, QoL is not significantly increased. Reconstruction after CPM, but not BPM, is associated with increased psychosocial well-being. These valuable findings should be taken into account during preoperative counseling regarding elective PMs.
Breast cancer represents the most common nonskin malignancy and second leading cause of cancer-related deaths in American women. [1] [2] [3] It is estimated that in the United States, during year 2013, a total of 232,340 women were diagnosed with breast cancer and 39,620 women died from this disease. 1 Since breast cancer represents such a health care burden, several preventive and therapeutic strategies have been developed in an attempt to decrease the impact of this disease. In high-risk populations, prophylactic mastectomy (PM) reduces the risk of breast cancer 90 to 95%. 4, 5 With such a significant reduction in the incidence of breast cancer and the increasing availability of genetic counseling, PM is being increasingly performed, and the number of patients undergoing breast reconstruction after PM is increasing concomitantly.
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There is also an increasing demand for patient-reported outcomes (PROs) in the field of breast reconstructive surgery.
9,10 PRO data are critical to ensure adequate preoperative counseling and patient education by medical oncologists, genetic counselors, surgical oncologists, and plastic surgeons working with women considering PM followed by reconstruction. Although several studies have evaluated satisfaction and quality of life (QoL) of patients undergoing reconstruction after PM, these studies used nonvalidated questionnaires. 32 To our knowledge, only one study has employed the validated BREAST-Q 33 to evaluate satisfaction and QoL in the PM population. 27 However, that study did not adjust for baseline QoL scores, making it difficult to elucidate whether the differences found in postoperative QoL scores are a result of the procedure or just a reflection of different preoperative QoL scores. Furthermore, the previous study did not include autologous reconstruction or correlations with the aesthetic quality of the reconstructions. 27 We analyzed the postoperative satisfaction and QoL outcomes of reconstruction after PM using the validated BREAST-Q instrument, adjusting for preoperative (baseline) QoL scores. In addition, we pursued a correlation between patient satisfaction and the aesthetic outcomes of reconstruction after PM. We hypothesize that patients undergoing reconstruction after bilateral PM (BPM), who typically do not require adjuvant therapies, will have heightened aesthetic results and, for that reason, higher levels of satisfaction than patients who undergo reconstruction after contralateral PM (CPM) or therapeutic mastectomies (TMs) with TM likely scoring the lowest because of challenges matching a native breast to a reconstruction.
Patients and Methods

Patients
Inclusion Criteria
Patients who underwent breast reconstruction between July 2008 and July 2012 at a single institution and completed the preoperative and 6-month postoperative BREAST-Q after final reconstruction were eligible for inclusion in the Institutional Review Board-approved protocol of this study. The 6-month postoperative BREAST-Q was completed 6 months or more after the definitive reconstruction (permanent implant or autologous tissue) for all patients. Three breast reconstruction populations were studied: patients who underwent BPM, CPM (one mastectomy for therapeutic local control and the contralateral mastectomy for prophylaxis), and a control population of patients who underwent TM (with contralateral surgery to optimize symmetry with the reconstructed breast). Symmetry procedures included augmentation, mastopexy, and/or reduction mammoplasty.
Exclusion Criteria
Patients who did not complete a preoperative BREAST-Q; did not undergo permanent reconstruction after BPM, CPM, or TM; or did not complete a 6-month postoperative BREAST-Q following reconstruction were excluded.
Chart Review
A retrospective chart review was performed to retrieve the following data: age at definitive reconstruction, body mass index (BMI), race, type of definitive reconstruction (implant or autologous), type of mastectomy (BPM, CPM, TM, either nipple sparing or nonnipple sparing), comorbidities, smoking status, prior chemotherapy, prior radiotherapy, reconstruction timing (immediate, staged, delayed), postoperative morbidity, revision surgeries, nipple reconstruction procedures, and postoperative digital photographs.
Design
Patients were consented and asked to complete the preoperative BREAST-Q questionnaire prior to undergoing mastectomy. Six months after their definitive breast reconstructive surgery, patients were asked to complete the postoperative BREAST-Q questionnaire. Patients were considered nonresponders if the responses could not be retrieved by 8 months postoperatively. Patient identification for inclusion as well as data collection and analysis were performed in a retrospective fashion.
Responses were scored according to the QScore Scoring Software (available at: https://webcore.mskcc.org/breastq/ scoreBQ.html) to generate a continuous variable ranging from 0 to 100 per domain. In this scoring system and for all scales, higher scores indicate greater satisfaction.
34 Preoperative scores in each domain of the BREAST-Q were compared between the groups (BPM, CPM, and TM). Preoperative and postoperative scores were compared within the BPM, CPM, and TM groups. We also performed a subgroup analysis by reconstruction type (implant or autologous) for each one of the groups (BPM, CPM, and TM). An exploratory analysis of the aesthetic outcomes of reconstruction after each type of mastectomy (BPM, CPM, and TM) was conducted. For this purpose, we used a random sequence generator (available at: http://www.random.org/ sequences/) to obtain a random sample of seven responders from each group (TM, CPM, and BPM). Then, we performed an aesthetic assessment of the 6-month postdefinitive reconstruction frontal and bilateral-oblique digital photographs. Fourteen blinded breast reconstruction researchers (excluding the operating surgeons) from the Johns Hopkins Avon Foundation Breast Center independently reviewed the photographs and scored aesthetic outcomes on a three-point modified Garbay scale (ranging from 0 to 2). 35 The characteristics subscales comprise volume, shape, placement, inframammary fold, and scars. The scores were then averaged for tabulation and analysis.
Statistical Analysis
Baseline characteristics were compared between CPM, BPM, and TM recipients. Continuous variables were analyzed for normality. Normal data were compared using Student's t-test, while nonnormally distributed data were compared utilizing the Mann-Whitney U-test. Categorical variables were assessed using Pearson's chi-square or Fisher's exact tests. For the QoL assessment, between-group (BPM, CPM, and TM) scores on the BREAST-Q were compared using the one-way analysis of variance test. In addition, within-group scores (pre-vs. postoperative) were compared using the twosample independent Student's t-test.
For the aesthetic evaluation, the subscale scores ranging from 0 to 2 were averaged then compared using Student's t-test. In addition, the subscale averages were totaled to give an overall aesthetic score.
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Results
Populations and Response Rate
During the study period, a total of 1,254 mastectomies were performed at the Johns Hopkins Avon Foundation Breast Center. Of these, a total of 93 PM patients were eligible for the study. Three were diagnosed with contralateral breast cancer before the 6-month postdefinitive reconstruction time point and were excluded. The 6-month postoperative BREAST-Q questionnaire was offered to 90 PM patients, of whom 54 patients successfully completed the questionnaire (18 BPM patients; 36 CPM patients), for an overall response rate of 60%. We identified 30 controls undergoing TM and contralateral symmetry procedure who had completed both the pre-and 6-month postoperative BREAST-Q questionnaires, matched on age, BMI, type of reconstruction, and operative date. A total of 84 patients were finally included in this study (18 BPM, 36 CPM, 30 TM).
Patient Demographics
Baseline demographic variables were similar between the BPM, CPM, and TM groups (►Table 1). As expected, none of the BPM patients received radiation therapy, and the number of irradiated patients was not significantly different between TM and CPM groups (p ¼ 0.170). Importantly, the rates of comorbidities, type of reconstruction, reconstruction timing, postoperative morbidity, revision and nipple reconstruction surgery, nipple-sparing mastectomy, and nipple reconstruction procedures were similar between all groups. The mean preoperative BREAST-Q scores were similar among the three groups (BPM, CPM, and TM) across all the domains of the BREAST-Q (►Table 1).
BREAST-Q Scores
Bilateral Prophylactic Mastectomy Group
Within this group (n ¼ 18), we compared the pre-to postoperative mean scores and found that the levels of satisfaction/QoL did not change significantly for any of the domains analyzed: satisfaction with breasts, psychosocial well-being, chest well-being, and sexual well-being (►Table 2).
Contralateral Prophylactic Mastectomy Group
Within this group (n ¼ 36), we compared the pre-to postoperative mean scores and found a statistically significant postoperative improvement in the psychosocial well-being (p ¼ 0.039) domain. No significant change was noted in the satisfaction with breasts, chest well-being, or sexual wellbeing domains (►Table 2).
Therapeutic Mastectomy Group (Controls)
Within this group (n ¼ 37), we compared pre-to postoperative mean scores and found a statistically significant postoperative improvement in the satisfaction with breasts (0.006) domain. No significant changes were noted in the other domains (►Table 2).
Subgroup Analyses
Autologous Breast Reconstruction
We compared pre-to postoperative mean scores for each BREAST-Q domain in the population undergoing autologous breast reconstruction after BPM, CPM, and TM. This subgroup analysis demonstrated a statistically significant improvement in the psychosocial well-being domain for the BPM group (p ¼ 0.044) and the satisfaction with breast domain for the TM group (p ¼ 0.010). There were no other significant findings in any of the other domains for the BPM, CPM, or TM groups (►Table 3).
Implant-Based Breast Reconstruction
Subsequently, we compared pre-to postoperative mean scores for each BREAST-Q domain in the population undergoing implant-based breast reconstruction after BPM, CPM, and TM. This subgroup analysis did not demonstrate significant differences in any of the domains analyzed (►Table 4).
Aesthetic Outcomes
Aesthetic outcomes were evaluated for each of the 21 randomly selected patients (7 from each group) and then compared between the groups. When the overall aesthetic scores were compared between the groups (►Table 5), BPM showed significantly better overall aesthetic outcomes compared with reconstruction after TM (p < 0.001). However, CPM did not show a significant overall aesthetic difference 
Discussion
The decision for PM is certainly challenging for patients considered at high risk for breast cancer and for those who may consider the procedure even without a large yield in risk reduction. Several factors play a role in the decision-making process. These include potential survival benefits, reconstructive options and outcomes, QoL, and physician counseling.
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Regarding risk reduction, Lostumbo et al's Cochrane systematic review found no randomized controlled trials regarding PM. Existing studies of other designs demonstrated BPM reduced incidence and mortality of breast cancer in high-risk patients, while CPM reduced incidence but not mortality. 36 It would seem then that the decision for BPM would hinge more critically upon risk reduction, while the decision for CPM would require more careful consideration of the other aspects of the procedure such as reconstructive options and outcomes and patient-reported QoL associated with the proposed procedures. This would mean patients receiving BPM really experience less of a choice in the matter since, such as a TM, they are undergoing a procedure which could be lifesaving. CPM patients may feel more in control of the decision to proceed with prophylactic surgery. In this light, several of our findings are relevant. Potentially, the most important of our findings are that CPM, regardless of reconstruction type, and BPM with autologous reconstruction are associated with significant increases in psychosocial well-being (►Tables 2 and 3), and PM does not decrease QoL scores. In addition, our aesthetic assessment revealed improved aesthetic outcomes for BPM patients. From this, we can both reassure the BPM patient feeling somewhat cornered by the need for removal of both breasts while still healthy, and aid the CPM patient in making a weighty decision, which may not impact overall survival.
One of the advantages of our study, fairly unique in the existing literature to date, is the inclusion of both pre-and postoperative Breast-Q scores. The baseline (preoperative) comparison revealed that the psychosocial well-being associated with BPM, CPM, and TM was similar. This means that patients at high risk for breast cancer (BPM) basically have a baseline QoL impairment similar to that noted in patients diagnosed with breast cancer (CPM and TM). This is remarkable as it implies that the concern for being high risk for breast cancer produces a psychosocial impairment of similar magnitude to the diagnosis of breast cancer. All the other baseline QoL domains were also similar among the groups, which demonstrate that the groups started at comparable QoL levels and allow optimal assessment of their postoperative QoL outcomes.
Looking more closely at our cadre of findings in the BPM group, a group we have shown to be facing a similar QoL burden to actual cancer patients preoperatively, we found that performance of BPM is not associated with significant changes in QoL (►Table 2). To put this finding into context, one should also consider the results of the subgroup and aesthetic analyses, along with the previously mentioned survival benefits described in the literature. Taking these analyses into account, we could conclude that BPM represents an option that reduces the incidence and mortality of breast cancer (based on the existing literature), while at the same time increasing the psychosocial well-being of patients reconstructed with autologous tissue (►Table 3). In addition, reconstruction after BPM was considered an option that renders heightened aesthetic outcomes when judged by third-party evaluators (►Table 5). Similar aesthetic findings have been reported in the literature. 11, 37 This might reassure currently healthy patients reluctant to embark upon surgery with a potential for significant impact on body image. Our findings related to CPM also need to be put into context. Based on the existing literature, although CPM does not consistently reduce the mortality secondary to breast cancer, it does reduces the incidence of contralateral breast cancer. 36 The enhanced psychosocial well-being we found associated with undergoing CPM suggests that decreasing risk of repeat cancer diagnosis is important to patients despite absence of a survival benefit. On the contrary, it was interesting to find that CPM demonstrates similar aesthetic outcomes to unilateral TM with contralateral symmetry procedure. This is a particularly important finding since many patients express a desire for CPM to optimize postoperative aesthetic results, especially symmetry. Our findings imply that CPM represents an option that not only reduces the incidence of contralateral breast cancer but also improves the psychosocial well-being of patients with unilateral cancer. Both of these advantages are provided by CPM without significantly changing the aesthetics or the patients' satisfaction with their breasts. However, based on our findings, patients may need to be cautioned not to choose CPM solely for aesthetic reasons.
With regard to our finding that TM is associated with increased satisfaction with breasts, one might postulate that the increase in this domain of the TM group may be related to patient expectations. Pusic et al have previously reported that patient expectations play a fundamental role and have a significant impact on QoL and patient satisfaction after breast reconstruction. 38 Patients expect improvement with plastic surgery, even if it is reconstruction; therefore, this might explain why patients in the TM group demonstrated BREAST-Q improvements postoperatively. The psychological effect of cancer removal might also play a role in patients' satisfaction and QoL (i.e., patients might be more satisfied with cancer-free reconstructed breasts than with diseased native breasts). Along these lines, recent literature has reported that cancer diagnosis by itself can have a negative impact on QOL. 39, 40 Hence, intuitively, we can expect cancer removal to help revert the detrimental effects associated with the diagnosis, with this being reflected as increased satisfaction with breasts. This may explain the differences between the TM and BPM groups. The presence of cancer may lead to different consequences than risk of cancer. More aggressive mastectomies (skin flap thickness, margins of dissection) may be noted after therapeutic rather than PMs. This is supported by findings that BPM overall aesthetics are rated superior to either TM or CPM group. Similarly, inframammary fold aesthetics are rated superior in BPM compared with CPM. However, we expect some differences in QOL scores between TM and CPM groups may be attributed to a bias in which patients self-select into TM and CPM groups. There is likely a different approach to breasts and breast disease that leads patients to choose TM or CPM. This may account for the differences seen in our study between TM and CPM groups when examined from the perspective of "cancer treatment."
In summary, our study carries several advantages and sheds light on the psychosocial and aesthetic benefits of reconstruction after PM. Although there are several published studies that evaluate QOL in PM patients, to our knowledge, our study is the first BREAST-Q-based analysis assessing the BPM, CPM, and TM populations while taking the preoperative (baseline) QoL scores into account. Research has shown that preoperative BREAST-Q scores might vary significantly among different groups of patients seeking breast reconstruction, 41 for that reason assessing both the preoperative scores and the postoperative scores becomes critical when comparing postoperative scores. Furthermore, it is also the first BREAST-Q study including a stratified analysis to determine the impact of the reconstruction type on the QoL outcomes of reconstruction after PM. This is especially true for the autologous breast reconstruction group, which has not been analyzed by previous BREAST-Q studies assessing QoL after PM. 27 Further, it is interesting to note that the QoL differences identified in our study are clinically significant, as they are greater than the expected minimally important clinical difference. Norman et al concluded in a systematic review of QoL outcomes articles that the minimal important difference is one-half of a standard deviation, which in our study was approximately 10 BREAST-Q points. 42 This was true for all the significant BREAST-Q associations identified in our study. Finally, our study is the first BREAST-Q-based study establishing an exploratory correlation between satisfaction/QoL scores and aesthetic outcomes of reconstruction after PM. A final but nonetheless important advantage is that the patients in our study were evaluated at the same time point (6-month postdefinitive reconstruction), which allowed the groups to have similar rates of revision surgeries and nipple reconstruction procedures, enhancing their comparability.
Although our study carries the aforementioned advantages, it also carries some limitations, including those inherent to any retrospective analysis. Among those limitations, we need to mention that our study contains data from a single institution (the Johns Hopkins Avon Foundation Breast Center), where standard protocols and techniques for mastectomy and reconstruction may differ from other institutions. Another limitation of our study is the relatively small sample size, which provides limited power to detect additional interesting associations. We believe that further prospective studies using the validated BREAST-Q instrument should be conducted to validate our findings and further explore potential associations with a larger sample size. Along these lines, we believe that BPM might be associated with a statistically significant increase in satisfaction with breasts if a larger sample size is analyzed. We would also like to further explore the differences we began to find when our study populations were subdivided by reconstruction type. These and some other interesting associations might be evident with a larger sample size.
Clinical relevance was the determinant of our subgroups. Although fewer divisions and larger groups might predispose toward more statistically significant numbers, this might have obscured the clinical relevance by grouping dissimilar patients together. We feel our study reveals valuable information and may serve as a guide for future studies in this important area. Longer follow-up or subgroup analysis by other factors such as age or BMI may also facilitate understanding of these issues.
We are intrigued by our aesthetic outcomes and would like to more fully explore these issues as well. This analysis would benefit from inclusion of preoperative photographs as well as assessment of the potential impact of nipple-sparing techniques, reconstruction type, adjuvant radiation therapy, and other technical variations.
Conclusion
CPM, regardless of reconstruction type, and BPM with autologous reconstruction are associated with significant increases in psychosocial well-being, and PM does not decrease QoL scores. In addition, our aesthetic assessment revealed improved aesthetic outcomes for BPM patients versus CPM and TM groups. From this, we can both reassure the BPM patient feeling concerned by the need for removal of both breasts while still healthy, and aid the CPM patient in making a weighty decision, which may not impact overall survival. These valuable findings should be taken into account by surgeons seeking to deliver optimal preoperative counseling.
